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In this research, an Electromagnetic (E.M) method of groundwater investigations was used as an 
on-spot assessment tool to test the integrity of the developed borehole in Afe Babalola University, 
Ado-Ekiti. Some randomly selected functional and abandoned boreholes developed by the Vertical 
Electrical Sounding (VES) methods were chosen for this study, with the aim to know the potential 
of the boreholes. Four transverses were established across the institution consisting of two 
functional and two abandoned boreholes selected from the existing forty boreholes. These were 
subjected to E.M method of groundwater investigation using a PQWT S500 series machines. The 
results obtained from this study produced curve graphs and subsurface profile maps of each 
transverse location. It was observed that boreholes TR 1 and TR 3, were accurately sited on vertical 
fractures and weathered formations while TR 2 and TR 4 were wrongly sited at the locations of poor 
groundwater yielding zone. 
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1. INTRODUCTION  
A safe, reliable, and easily accessible water supply is 
essential for good health. For several decades, about 
a billion people in developing countries have not had 
a safe and sustainable water supply. It has been 
estimated that a minimum of 100 liters of water per 
person per day is required in the home to ensure all 
personal hygiene, food hygiene, domestic cleaning, 
and laundry needs [1]. This domestic water 
consumption is dwarfed by the demands of 
agriculture and ecosystems, even in wealthy 
countries where per capita domestic water 
consumption greatly exceeds this value [2]. To cover 
all these requirements and to avoid water stress, 
experts generally agreed that about 1,000 cubic 
meters of fresh water per capita per year are needed. 
Many of the inhabitants of the developing countries 
do not have access to potable water and mostly drink 
from sources that are often polluted and unreliable, 
resulting in the prevalence of water borne diseases. 
The need for alternative water supply systems puts 
groundwater as the most viable source of potable 
water supply. 
The detailed hydrogeological study is significant and 
is considered a priority in many groundwater 
exploration programs. Many geophysical methods 
have been used for groundwater prospecting. 
Though, the most widely used method is the electrical 
resistivity (ER) method. It is a well-known 
geophysical method that has been used in 
groundwater exploration and contaminant 
delineation in many countries with varying degrees of 
success as discussed in the literature [3-5]. In some 
cases, the method has produced good borehole 
drilling results, especially in granitic environments. 
Other geophysical methods have gained favour in the 
groundwater sector, though not widely used in 
Nigeria. One such is the electromagnetic (EM) 
methods. These methods have either been used 
exclusively or in combination with the ER method [6-
8]. Though varying degrees of success have been 
achieved with the EM method, comprehensive 
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interpretation of data is absent in previous 
applications. Detailed interpretation of geophysical 
data is useful for effective delineation of 
groundwater-bearing zones or features.  
Electrical Resistivity Method of geophysical survey 
utilizing different electrode arrays such as, Wenner, 
Schlumberger, dipole- dipole, pole-dipole, etc. had 
been used as predominant tool for groundwater 
delineation in the Precambrian basement complex of 
Afe Babalola University, Ado. The results of the 
geophysical investigations had resulted into site 
selection and drilling of an estimated numbers of 
forty (40) boreholes to cater for the water supply 
needs of the growing population of the university. 
The boreholes were critically examined and it was 
however observed that twenty-five (25) are operating 
at moderate yield capacity, while an estimated 
Fifteen (15) boreholes, were either abandoned or 
operating at very poor performance. From the pool of 
drilled boreholes within the institution, Four (4) 
boreholes consisting of two (2) functional and two (2) 
abandoned were randomly selected and subjected to 
groundwater investigation using the Electromagnetic 
(E.M) method with the aid of PQWT S-500 series 
machines. Thus, an Electromagnetic (E.M) method of 
groundwater investigations was used as an on-the-
spot assessment tool to test the integrity of the 
choice of boreholes considering some randomly 
selected functional and abandoned boreholes in the 
study area. 
 
2. DESCRIPTION OF THE STUDY AREA 
Afe Babalola University, Ado Ekiti (ABUAD), a Federal 
Government-licensed Private university is located in 
Ado-Ekiti along Ijan road, opposite The Federal 
Polytechnics, Ado Ekiti as presented in Fig. 1. The 
institution has an estimated total population of 
11,100; that is students population of 8,850 and 
Administrative staff (Teaching and Non-Teaching) of 
2,255. The terrain of the study area is gently 
undulating, with topographic elevation ranging from 
300m to 370m above sea level. Ado Ekiti is underlain 
by crystalline rocks made of older granite, Migmatite 
and Charnockites with little or no fracture in most 
location and shallow overburden. 
 
2.1. Geology and Hydrogeology of the Study 
Area  
The geology of ABUAD belongs to the basement 
complex, igneous rock, rock of South-Western, 
Nigeria. The lithiological rock units are basically 
crystalline basement rocks which include coarse 
grained charnokite (the most abundant in Ado Ekiti), 
fine grained granite, medium grained granite and 
porphyritic biotite, medium grained granite and 
quartzite. ABUAD, experiences a tropical climate with 
distinct wet and dry seasons. 
These seasons are associated with the prevalence of 
maritime south westerly monsoon winds from the 
Atlantic Ocean and the dry continental north easterly 
harmattan winds from the Sahara Desert. The 
community therefore enjoys rainwater surplus 
between May and October with substantial rainwater 
deficit between November and April. 
 
 
Fig. 1: Map of the Study Area. 
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Hydro geologically, like in other typical basement 
complex terrain, unweathered or freshcrystalline rocks 
have hardly any potential in terms of groundwater 
occurrence and flow. However, the mode of 
groundwater occurrence in the study area is through 
the development of secondary porosities or 
permeabilities as a result of fracturing, jointing, 
shearing and deep weathering. The fractures might 
have probably developed from transpressive forces 
during tectonic movement, pressure relief due to 
erosion of overburden rock, shrinking during cooling 
of the rock mass and the compression and tensional 
forces caused by regional tectonic stresses. 
 
3. METHODOLOGY 
A total number of four (4) transverses were 
established across the university campus, each 
transverse bearing the locations of the existing four 
boreholes as shown in Fig. 2. Two functional and two 
abandoned boreholes that were randomly selected 
from the pool of boreholes spread across the 
institution were selected for this study. TR1 represents 
borehole along obasanjo way, TR2 represents 
borehole at the local kitchen, TR3 indicates borehole 
at the Post-Graduate school and TR4 represents 
borehole at the Staff Quarter, Block K. The E.M 
machine (PQWT) was set up at each selected 
boreholes, whereby the borehole is at 10m marked on 
the ground. E.M electrode probe M and N are placed 
on the ground at point 0 and 10m along the tranverse, 
the probes are connected to the E.M console via cable 
which reads the electromagnetic impulse generated by 
those points, the M and N electrode as presented in 
Fig. 3 are moved 1m to the right and side of the 
measured line, that is M is moved to 1m, while N is 
move to 11m, readings are taking, this continues until 
the entire length is covered, the machine at a push of 
a button, automatically generate the curve graphs and 
profile map of the entire measured points. 
4. RESULTS AND DISCUSSIONS  
This section presents the data analysis and 
interpretation of the results obtained from the 
Electromagnetic machine. The E.M machines 
automatically generated the subsurface profile 
mapping of each transverse location from which 
deductions were made. The results are presented 
below. 
Based on the subsurface profile map presented in Fig. 
4, it was observed that there are viable weathered 
zones with visible vertical fractured in the locations 5, 
10 and 11m exceeding a penetration depth of 100m 
below the surface cutting across the horizontal 




Fig. 2:  Map of Afe Babalola University indicating locations of the Boreholes examined 
 
EFFECTIVENESS OF GEOPHYSICAL ASSESSMENT OF BOREHOLES DRILLED IN BASEMENT COMPLEX TERRAIN,   S.O. Oyegoke, et al 
 
Nigerian Journal of Technology,  Vol. 39, No. 1, January 2020         39 
 
Fig. 3: Typical movement of M and N Electrode along a measured line 
 
The examined borehole was accurately sited on one 
of the vertical fractures at 10m along the transverse. 
The Existing borehole was sited at the 10m along the 
horizontal measured point. 
From Fig. 5 the subsurface profile map, indicates that 
the geologic formation below the surface of the 
transverse investigated does not support a 
substantive groundwater accumulation, but a choice 
for shallow well. Hence, such a location should not 
have been considered for siting of the borehole for 
groundwater exploitation. The existing borehole was 
sited at the 10m along the horizontal measured point. 
The result obtained from the subsurface profile map 
shown in Fig. 6 indicates that the subsurface 
geological formation support groundwater 
accumulation and transmissivity, while the borehole 
was sited at 10m point along the horizontal Axis.   
It is observed that there are two potential hexagon 
shaped fractured points that imply good locations for 
groundwater exploitation, which should have been 
exploited. The existing borehole is cited at the 10m 
along the horizontal measured point. 
Results from Fig. 7 of the subsurface map indicates 
that the geologic formation has two potential 
locations at 13m and 17m along the horizontal axis 
that penetrated to a depth of 130m that could have 
been better points for the location of boreholes for 
groundwater exploitation. However, the existing 
borehole was located at 10m point along the 
horizontal axis.  
 
 
Fig. 4: Subsurface Profile Map generated from the Electromagnetic Survey carried out at the borehole along 
Obasanjo way (TR1) 
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Fig. 5: Subsurface Profile Map generated from the Electromagnetic investigation of the borehole at the Local 
Kitchen (TR2)  
 
Fig. 6\:  Subsurface Profile Map generated from the Electromagnetic investigation of the borehole at the Post 
Graduate School (TR 3) 
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5. CONCLUSION  
The failed boreholes at TR 2 was as a result of wrong 
siting of borehole location. There is low groundwater 
yield from the geological formation that cannot store 
or transport water in appreciable quantity; such 
location could at best, be used for shallow well that 
depends on the water table for its recharge. Location 
TR 4 failed due to wrong siting as well. Meanwhile, 
there are other areas within the same zone that could 
have been considered, such as the locations 13m and 
17m along the horizontal axis. The active boreholes 
at TR1 was well sited in a fractured vertical point; the 
E.M subsurface profile map shows additional points 
of vertical fractures at 5m and 11m along the 
horizontal axis of measurement. This is evident in the 
productivity of the borehole. The productive borehole 
at TR 3 was also well sited in weathered zones; it was 
also revealed by the subsurface profile map to be an 
area with potentially higher groundwater extractions 
at points 14m and 15m along the horizontal axis.  
From this study, we recommend that geophysical 
investigation/groundwater exploration be carried out 
with precaution. Strict adherence to the survey result 
should be ensured. Where it is possible, combined 
method of exploration should be carried out and 
siting of boreholes should only be in areas of good 
potential for sustainable groundwater supply. 
Electromagnetic (E.R) method for groundwater 
exploration should get broader acceptance due to its 
ease of use and requiring little or no field experience 
for interpretation. Its ability to generate a 2D image 
of the subsurface at a go is an added advantage for 
quick groundwater detection. 
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